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Title: 

LIGHT-EMITTING DIODE AND METHOD FOR MANUFACTURING THE SAME 



Abstract: 

PROBLEM TO BE SOLVED: To provide a high-intensity LED bonded at a low temperature 
to a low-cost transparent substrate, such as a glass substrate, by a transparent adhesive 
layer. SOLUTION: The LED comprises an epitaxial layer 16 having an absorption 
substrate and a transparent substrate 10 bonded to the layer 16 with a transparent 
adhesive 14. The absorption substrate is then removed for the formation of an LED 
having the transparent substrate 10. Since the substrate 10 is low in photoabsorptivity, 
high light emitting efficiency is achieved. Furthermore, since a 1st metal coupling layer 
32 is electrically connected to a 1st ohmic contact layer 28 by an electrode connecting 
channel 31, LED light emission efficiency is enhanced because, in this design, a voltage 
drops and a current distribution is improved at a certain current level. 
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im&R U±U?? y mtT®7 ? -y HJifc fell** 
tL^vStt®*^ ; 5:-l»A 1 Ga I nP^JfXb'^df^^ 

im i *-j±mm±.<m i ^^^faa-r^^s^a 
saws**** L-cism i *- Ajsaawtdis i 
kt» m±i,z , mien i arm t r***>#i*it* 

6 * 2 JrmzBfS. £ it* » 2 Aff MS fc . 

Mxt^^r ^jum±izm2 u^zm^n^m i ah 
i ^JK^Ji srism i *-Mmm izmsmizwrn 

ZithtHsblz, m^t°?*is*j\smftlzBf&Zti$>VM 

[ff*3l2] mffBA l Ga I nP^-Jgxb^^f^;^ 

1 Ga I n P«*tS^, i/y^;|Afni^ 
/7;Kfni^ (DHK *sJ:tf#tfUtF#FSte' 
(MQW) j&»ii>*4»3&>4»a!fl?Sn*, H*JSltEtt 

[|f*^3] Mf2xb?=ifi^/UJf#p- IffltM 

£*u> , i \z.wmmt?4 *- h. 
* s i izimnmt?* *- h . 

aP. GaAsP, ZnSe, ZnS, ZnSSe, & 
«ktf S i c^&£f¥#>£>)IIiR$fU., £Btt 

[ if 6 ] HUia^Bfl^*®^. B C B ( B X^r- i? 

m^mst^tit . m&m i v^sm^tr-f v . 
if fc H-wtro-r** . man i izt&&<7)f&tyj 

[W38I9 3 aSffiifNR-tiXSt, 

iis±^ i ^rfijtx y f - yy&stm &jm&him 

|gx.y^y^fp±ji±^. ±^7-y K®i:Tge^7-y 
H»i:fc:«4iifeattfll*»63Sr*A 1 Ga I nP#Jfx 

i5^5 -y K/fXlc, tt?*i"rJ\sm*mi1}mz&l& 



■thjomk . 

mx.v9*is*)vm±.nz^ &\*-j±fflm*&infa 

\,zmm-z>JMk. 

mm&zimt&JLUk. 

m£wmm±.izmmztiKMwmmm&itLx. msm 
mmztmi *-j*®mm km^^^^jvmt izm 
mz-t&xmk. 

tm®. k ix y +y?WjkM k £ Bfcfc-T 4Xg . 
|£xb?*^/WI£SSm$it4*:#>fc. ISA l Ga I 

^^*^-«il»*i-4XSi: , 

l£J*S 1 *- Afifftk® £ SSiti § •£* fctf>fcx 

mftlzl-v */l>ZB&L-fZ>JMk . 

mi ^risj i: f i£*«r r&jotn 2 *w fcjBjaw 4 xe t . 
Rf-**/i^a»L"tsai i &mmatm*mm i 

m-T4XSi:. 

ISTSP^^ >y K*±fc»2;frftt=*2*-Aa«M&JB 
J&-T4X1S2:, 

asm 2 a*$«ji± teas 2 &mm^mzm 2 s-mfcjg 
[if im 1 0 ] ms&s&G aAs^w. it 9 

[ft^^l 1 ] H-fffiA 1 Ga I n P^fie^^fy^ 
A 1 Ga I n PO*^, yy/yKfng 
y/;Kfng^ (DH), *J±V^SJtF#F« 
& (MQW) *>6*4S*»fe»R$*t&. »*S9fc:iB 

GaP, GaAsP, ZnSe, ZnS, ZnSSe, 

tsxxss i cfrtt&mit>t>maRZiii>. m^m9izu 

^$tL4. if*3S9tciem«0^rj£. 

[»^« 1 4 ] tiros 1 p- Mtm-c® 

f&zti. mm2*-j±mmi) i n- mmmx-m^ti 
4. n*^9tfeao^„ 

[ft^i 5] mmwrngmtfi. bcb (bxt-^ 

2rHulExb^^^^;^t3<tUfmfiBm 1 ^-AgfWllc 
^*§-ti:4Xe-C(i. tl»XS-C\ 6 0"C-1 0 0°Cf 

mmam-^iM. axx/. mmxmx\ 2oo-c-6 
oovTmmam'&xnk. *»4>*4. if^9^K 

[ifl^JSl 7 3 HtflSASM-^Ji* ? A 1 fcit/Au^ii,^ 
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MA 1 G a A s #IXt7=>f y+;^±Ci 1 

i^Hfl^ii^^ lth i ^-AjgMS^m i ^isj^s 

mTt&?7v FSXC Sll;frfafc(iR^fr?)3l2;fr 

mis 2 *-j±imm<7)±izm 2 ?m iz&i&zix&m 2 & 

ISm 1 ^R^aSrl^ 1 *- AmW(c«W%:«IE 

AlGaAs©*^, yy/zlArD^, 
f^A,fo^ (DH) , *jJ:^JUtF#F»^ 

(mqw) frttzmtpkWRzixh. mmi skib 
[w^2 0 ] frien 1 p- st*m-c» 

GaP, GaAsP, ZnSe, ZnS s ZnSSe, 

&£vs icfrhK&mfrtzWRztih. mmi skz 
cw*«2 2 ] MiBSHflt#«a*^ bcb( Bxt-y 
a^stRSfta . mim 1 8 iztmoftftyj y . 

[!t#JS2 3 ] «n&flt£r£JB**A 1 *5 £TSAufrt>* 

h-wbt* a , i&&b 1 8 ei&of&ftr-r * 

— H. 

fcfflK£«J&*-.&Xgi:. 

MfflgXfcSI 1 ±95^ 5 y KJB fcTSR? 9 >y H 

JlkfcfiH4<x>t:att«*»6**A 1 GaAs^fxt^ 

is* tum&zmfct h 1M b . 

MA 1 G a A s ^Jix e^^f >-^H££-±£3fl i 
ifflJHHRfcMfi-raxgi: . 

mm* mm 1 ^-a^mji ii/LLSB? 5 -y 



±ies«^^*-r-&xgi: . 

m±M?7>yVm*miilZ-£Z>*ltbl,Z, AlGaAs^ 
-»SrHJ*-r*X8i: . 

gas i a^ms * mm z^&fzMztm&z titz± 

U7 7 -y KJll*J(~^ *^t»jS-f-*XSi: . 
KHajSitfc±»^5 -y H«±tc. *l*rtlfc«R«* 
l*rca**22ri*iC, SSlAWfr&flteJBJfctSXg 
b. 

»f-**;KC3te«UT. K* 1 1*- 

rt»^5 ■/ K«±tm 2 ^r^m 2 *-u*mmzm 

fct&JMb. 

KS52*-AftJIMi±fc, 8S22ri*lfc:*S2&«Br£«£ 

[»^2 6 ] liflBlWGaAstMSntV^, 

mim2 7] MISA 1 GaAs^fXt^^yt/l'S 
AlGaAsO*tgt, i/y^/Kfai^, 

(MQW) *»4,5flr4S3&»^>»?S*L*, lf*3H2 5KIB 

in$m2 8 1 mriem i *-j*wm#p- mm-cm 
fcztixx o . mm 2 *-j±mimtfn- mmix-m 
jfcsft-o^. m$M2 5iz§sMv>ifm. 

GaP, GaAsP, ZnSe x ZnS, ZnSSe, 
[^JI3 0] MfBSBB^Ji^. BCB (BXf-y 

*^stR$n^>. awt^2 5K:K«o*a. 

g»$-»i:l»X8T'(i, mmJMX\ 6 0°C~ 1 0 0*CT 

jnffififflR-fSdk, ^j:^. sarxa^, 20 or- 6 

0 0°C-C3raJB&nf&-r& i fc , frtt&lti&R 2 5 ^l£® 
[|f*3S3 2 ] milB^S^il^A 1 tsjtf Auj&»&=fir 

^s^^stR^n^.. m$m2 5iz*mv>¥&ty4*- 

K. 

[000 1] 

J:0P»C(iA 1 GalnPM/^-HCit 
[0002] 

[fi&fciogtffi] rr/i^^ofluat^rrsflawoA i g 

a I nPMN*-H (LED) {4. H6^fid 
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(C. n -!GaAsiS3, n-KAl.Ga,. „) 
0 . 5 I n,. s Ptx=0. 7 — 1 , 0«T3?7 7 H«4. 
(A l.Ga,. ,) 0.5 I n 0 , 5 Pgttt5, ( A 1 , G a 
i- .) 0.5 I n 0 , 5 Ptx=0. 7 — 1 . OV>±M?7v H 

a 6 , *» jwKx+jwf-xy >y rfc^r*-* p - 

MO«8aifclMi7*»4>=Sr*. p - S^mSK&fffcJl 7 cott 
filiGaP, GaAsP.GalnP, HXX/A 1 Ga 
As*>^H?$<XS. 
[00 03] 

SSttJB 5 £0 A 1 mmz£ 9 5 5 5 nmtf3»fe3e*»4> 6 5 
0nm<Offc&ft£-C'^ffrf&. U^L^tf^ fttfigtt 
Jf 5*>£>GaAs£$3£;8fclt£*ll>i:. GaAsli 
3 c^gX^Udf-Ay H^f-V >y TOtzlblZ^ JfcltG a A 
sSflR3^®iR§iX, LED £BJ&t& ZblZ 

COO 043 flaw^-Ctt. GaAsM3tJ:^ 

t&nmm?? -y ?Kmw (dbr) ^m-h . l*» 

L&#6 S DBR«4«Kfc:#LT«arSlffSrttH»3t* 
Rfltf &*f(re£>&. L*r#oT. D B RflKOiEfflti* 

[0005] Wm&*fa±£^ht&>\,Z^ (A 

^Gaj. x ) o.5 I n 0 . 5 P/ GaP LEDc9<>x^ 
S^BJlffig <TS) #Jf3K3*UO**. ^COTS A 

IGalnP LEDIiVPE (Svfflxtr^dfi/) 
£ct>9^j££*rC& , 9. &5 0/xm JfcOP -ffiGaPfg 
eSr^-t-l). 8CWC, n-lAlGal n POTSB? 
9yH«ft«ajS**fcft(C, GaAs«}g#l&*§;fX 
^Saj§n/Sn-MA 1 Ga I nPCOT 
«^5 7Hllin -MGaP»£«£§*U>. 

[00 06] ^x>Mg-^*ffi(i20c7)M£7)I I I - Vit 

^VCDMBmrn^W-t^ . T S AlGalnP LE 

Dco^ymmimu&mA lGaup ledco2© 

fc&S. Lj&>U5:#<S>. TSAlGalnP LEEKO 

[0007] McDttfmX'li. AlGalnP/ 
S i 0 2 / S i<9$7-S« (MS ) LED#*fifg§il 
TV^. S i^Ki:Xtr?=*^A>/m£:ki:AuBe/ A 
ufcj:-* ivO*4. Lj&»L$r#4>, 2 0mA<7) 

Klf^€Sl^fcV^T. MS AlGalnP LEDC936 
ft&g (i&9 0mc d) JiTS AlGalnP LE 

[00 08] 

[ mmzmm- a i&x&m ] ±mmm&z mm- & tc 

?7>y Fmbtm&tV/ZfffimiPktc&A IGalnP 



JifolZ&fRZtl&ttf^is-TJl'mb. RxtT**5/* 
/Mf±(=lK 1 JjfaizMtfteti&m 1 ^-A^jUS i: s IS 

* i *-A«*MLh*>i& i jjft(,z<mtmmmm 

*i*-i*ifcR«<o*rti-c*«ai2*'i(d(c»i&s*i.&*2 
m^t'?*i' j r>\'m±.izm2i3finiz& 
f&zti&mi&mm^mb. w&,2*- j±mfm±.izm 
2X\tnt l z&f&zti&m2&jmaiirmb , swi&Mtgrg- 

[0009] if*JB2 tstt<o««tt, it^iR i iciam 

c^Btr-r^-WCfcVvC, SEAlGal nP^fl 
f^df^A'/Ugc-^*^ A 1 Ga I nPiO^g^ i-">- 

yi\ss?fumis. /y/Krni^, nx^mm^ 

[ooio] mem3 &Bn&mt* 1 test* 
^ibe^ h tefc v » mibx t? ? )vm w p 

T. IfFlBmi^-ASfttS^P- SW«T'0^§fL. BU 
!E»2*-A«ttW*«n- MttnTBtftetlZ. ^b* 

[ooii] mms izimcoftwu. mtm 1 tcsn 

-V, #7^, GaP, GaAsP, ZnSe, ZnS. 
ZnSSe . 33XXSS i C*^^rl)Sf*^SiR$iX^ , 

[0012] n?m6izzm<vmm. mim 1 t^iem 

<05KK^*-HtctJV%T, USEa^S^PJI^. BCB 

[0013] a*«7 fcrffittofMBtt, w*« i {ciea 

[0014] mcm9iiztsm>m»i. mw&imtz 
jMb , mmLtizm i *ifiitcx >y f-vxtfjuifcaw 

fcT^^-y K*fcfc:8lE*fut«ttJi*»6*«A 1 Ga 

i np&mtt?*i<'*frmiszmiijmi,zmf&tz>x 

Ub. m^m^ y^miAz. xt^^yt;H^Il 
*l*Ifc:jeja^*xei: , Mxtf^df^^;l^«±^ s mi 

imtziMb . imwmi±i,zw.m2tifzMwmmm 

£ftLX. mWMM £ im 1 ^ - t ISx t ^ 
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|gA 1 Ga I nP^Jfxe?^^ 

imLxmm i ±mm^m^im i x-^mmmizmm* 
mz^m^^tz^mmmm^ zmm-t znn 

b . mTtft? 7 >y H»±t» 2 :frrtJfcSI 2 ^--AtfMS 

^m^2ismzmm-^TMt. frt>%z>z\bzmw 

[0015] m$m oiz§m<&mt. mm&LtfG 
a a s z\ t zmwtb -th . if*^ 1 1 iztmco 
%wn. m$&%9 liz&mnxmtzis^x , miba i Ga 

I nP^IIt^Jfy^S^ A 1 Ga I nPO* 
tf£Jtt^FS^&&*S*4>aW?3*iS , Zb* 

[0016] msm 1 2 tte«oi&Hj(4. it*«9 ec 

X. GaP, GaAsP, ZnSe. ZnS, ZnSS 

%b~r&. 

[0017] m*m 1 3 HEttQftffltt, It*fll9 telB 
T«£*x& „ - fc SrK©i: "TS . gt$q! 1 4 KIB3SO 

jMWi. 11*^9 iz&mnijmz&^x . Memi*- 

[0018] tipm 1 5 icSEttafttyJIi. tc£ 

wtttmiz&^x . msmm&mmtf, bcb<b^t 

[0019] it ^ 1 6 (cEftoftPStt , aw&a 9 tcia 
wzmzts^x * mmwimmzitLx. mmm 
mm* friax tr? * ^ ± vmim 1 ^--asm 

*tC«3»S**xeTJi, SMffXgT, 6 o°c~i o o 

x:xnnjsmr&JM. mmxmx\ 2 0 o*c 

-60 ox:xiKiE£MkthJMb. fr$>%&zb*m% 
b-t&. 

[0020] mim. 1 7 fciBttofWKi. tee 
ao»*^ Kfctjwc . unEAms^-fliJ^A 1 & 

h . 1 s KieaofgHjiiis ±g&? ^ v t rap 

K«i:(Cgl?4n.7tvgttS*^^^»A 1 GaAs# 
*Xt** S'-wM&S'fc, »A 1 GaAs^llt^Jf 

s^wHS G±j,zm 1 3rifiifc:#jfc§ft4IS 1 ^-AffiMl 



** . fS^Bj^ji ^ ft ^ 1 A&MJffcgl 1 
A««4««gi: , fSXgp^ 5 •/ HJi±CSS23r[*UC?E8ft3 

*u>ss 1 ^sis^s k . mm 2 *-j»immco±.izm 2 
ifftizBf&zti&m 2 ±m^m b . mm 1 
*»» 1 *-*immtz9sm£.&Btfnt& tz#><?>. m 
±m?7v vrnftcommmmi-v^b. ti>t>%zzb 

[0021] mm 1 9 izsmomm. msm 1 8 iz 
tmvtfm-y-i h tfc v . miba iGaAsii 

XtT^i'-Wl^-g-a^ AlGaAs^tg^ 

//Kfo^. ^y^^a^-^-. £J:tA*£Sfl^# 

[0022] if*3i2 0 iztmnwm. msm 1 8 iz 
P - ixx ij 0 . mm 2 *-2*mMm 

[00233 m>m2 1 lizsmnftmt. m&m 1 

7"f-V. il'y^, GaP, GaAsP, ZnSe s Zn 
S. ZnSSe. fcit^S i C£>£>&£SW><i>jlHR$:ft. 

[0024] ft^2 2 tcEtt<0»»Wis If*^ 1 81C 
CB ( BXf-y't'x<yyy?n/fy) fcit/x^ 

[0025] 3 icKftoagjuu i**^ 1 ste 

SE»<0»3t^>f3r-Kfc:j3V^T. HtrfB^JR^Ji* J A 1 

h. it*3S2 4fciEa«^WBtt, tt*3Si8^ia«^ 
3t^-f3r-Hc*jv^» Btnamfiss^^^^BaiBig 

[0026] msm2 5 fciEifcO«W«. «3fc^>f 

vcommrmx'. t i>mmzwmt&JMb . m 
msLtizm 1 -frfoiz^ ±_&? ? - y vmbT&? 5 ■/ k« 

fct»54*lfe«§ttJi*»fe=Sr*A 1 GaAs^HW 
is-rJm-&*&J&t%>JMb. MA 1 GaAs^lit 
^#^^/HS^±KflS 1 Jifoizm 1 

•rsx^i:. mmmm^mm-^JMb. mmmmi. 
iz%mztifzmm%mm*jrLx. ws&wmmztmi 
*-j>mm& it/xgpy* 5 •/ H*k fcjs 1 -xmz&m 
ZithiMb. ±mkWL*mzt&JMb. m±M<7? 

y Vm&mftZit&fzMZ. A 1 GaAs^fX^Jf 
zs*)V8fe<7)-Ul3£Tfm±M? y -y H»^>-»*Hi* 

MliiZtLtz±M7y v vmWz^-^fruZ&f&t&jim 
b » B«aiS*ufe±»^ ^ -y H«±fc. m 1 *-|*]i:tiR 

*«rito-c**SB2^riftitc, »i^flWS^«*»jR-r*x 
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fti t zm2*-j>mtemzBf&tz>jLmt . !£s&2*-a 

«SWB±C, SB2* , mfc^l2AIBS^JB*»)iW*XS 

[0027] 2 6 ctea^&Hjjii . n^a 25c 
msm 2 5 tiea<o*i6*c*j v *t . mie a i g a a s ^ 

[0028] it^ 2 8 (zGttOWSli: . MSB 25IZ 

smojmiz&^x. ««e» 1 *-A*wi*«p- a« 
[0029] mm 2 9 tzKm&tmt . »$g 25t 

7X % GaP % GaAsP. ZnSe. ZnS, ZnS 
Se, &£VSi Cfrt>*&Ufrt>M$lZ1X&. zbi 
WBk-tt. 

[0030] M$m 3 0 IZMffiCOmUZ . lf$g 2 5 £ 
iE*K0*ftfe:*JV^T, iiufBi§WtJi#. BCB (Bx 

[0031] 3B#JH3 1 KRtfcOfKHtt. HS3S2 5 

MJfW£*$it&X@T'J4. «»Ifi"C, 6 0'C~10 
0°CT'JnffiDD^-Tl.ii:. tJitX, 2 00 

•c— 6 o o^TJnffiBnaw-s <T fc . ^^r&C i: £^ a 

[0032] tmm 3 2 ^iea<7)i^H(i. n$m 25c 

4. *«Wli«3K^ H (LED ) <0«^tJJ:V«3t 
StfeteOWCJ^S. *LED fi. A 1 G a I nP^-JfX 
t ? 5"WH»£-tf>±fcyBJS § ^ =Jf x A*/PJ1#> 

Clcr)A 1 Ga I nP#Jlxt?^-wMg-&f2 
j*ffl»«fcJ:-»TWW«k«SlW-*. A 1 Ga I n 

A-'Vf ot#-£ (SH) . ///Kfoi^ (DH) toXtf^ 

a*^#F (mqw ) *»4>*6»3&»<?>a»?sn&. 
[0033] s&tc, *led mi*-M$mmtm 
2 . us 1 -kmifeHrmzm 1 ^-ASttatc; 

LWot« mi#S^«i:^2^Jl^Bi;(S^HH 



[0034] *5MBJi«3e^-f *- HSr4M-ri»^5r 
HeWSto-C**. *^(ixe^dfi/^;U«jS^X 
^mi^-A^MS5r^-r«.X^*^^:«»„ Zcom 

i*-j>mimbx.vfi*i/*)\,mi!rkte. bcb (b - 
«rf««»*^LTaB^£igfc«ar*-*. mz. m®. 

[ 0 0 3 5 ] jgSWC . #LED <7)^(i2SPgT'X-/f-y 

x^y^iigtfcvvc^Jixh'^^^Ng^ 
-ffcfr#i&7 6. 2—15 2, 4jum (3 ~6mils ) CO 
mxmi;i*tl&. Kffl3ftfcxt**^.wWltf> 
Tm&fttf#)2 5. 4 — 76. 2jum ( l~3mils) CO 

jummztiz. m2*-j±mmifT®7 ? ■/ vmco 
±izBf&zti&. mz. mico£js,mbm2coi&mmb 
&mi co*-j*immbm2 co*-j±&Mmbizzti? 
timwtztih. Ltztf-yx. mi&mtfHrmbm2&m 
m&m b itwmmizm lx m-miz#> %> . 

[0036] 1 oc0#^(i. iflSKft^-C 

v m7mm<ms&:ffi<yzMz. xvwaremmsLh 
[0037] *wncomcomkii. m-mm.xmft~tz> 

b%lz^ i K>$kft*mffift1fib X K){&^WKbcomm^ 

**)uzmm^'hzbx$>2>. *cowmi-**m*& 
tz. m-nmxcoz&mmzfttzitz. 
[0038] *micomconskii. m^^mmmmm 
xmmmmbmm LtzmmmxD h z t 
x*h&» ^\z7*is*)vmcommfimmx*fo-oxh. % 
commgmmi±mmizmmt& . 

[0039] 

[^Mcommcomm: *wm9&&4*-Y (le 

*LEDIin -IGaAsif26, X-y^-y^iJI 
24. n-KAl.Ga,. x ) 0 . 5 I n 0 . 5 PT'x = 
0, 5 — 1. 0TJb&T&?7-y HS22. (Al.G 
ai . x ) o.5 I n 0 . 5 PT'x = 0~0. 4 5T'S»4vgtt« 
2 0. fcitXp- M ( A l.Ga,. ,) 0.5 I n 0 . 5 P-C 
x = 0. 5~1. 0Th&±M77-y 1**1 8. fcitf 
p- Mxb'^^f^^;kJil 6*^^rS. p- S^-Afg 
Mil2 8(±xb°^=>r^A'^«l 6cO±^^$ixT. 
<^l<7Xfrfa£lB?iJ£ft-l.. 

[0040] Xb-^^^A';PJ11 6(i. A 1 G a A s . 
A 1 Ga I nP. il^Ga A s P*^jIIiR§il&. VS 
14«2 0O^«RJRSrl»<'/S«>c0C:<^xt°^^f 1 
6li«§tMi 2 0 J; 0 i>^#^x^;^-y<y h'df ^ -y r 
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[0041] M^vStt® 2 OliAlGaln PT'x = 
0~0. 4 5X'fo Y ). ±.&?7v KJBl 8t3<ttXTgP^ 
7 7Ki2 2fiAlGaInPtx = 0. 5~1. Ot 
VS14J120O— fiRJ(ix = O<7)Ga 0 . 5 I n,, 5 Pt 
*<Ott£k. «*^*-H<0«*3&«6 3 5nmWL 
EDfc&S. 

[0042] Jilt. *fra^-HSiS«tCOV^TK^ Lfc 

tt!2 0tl sfctft^ y>//Kfn^ (SH) . ^ 
/;lAfof& (DH) , fcJ:Df^«JtP#F*»fe 3 Sr&» 

0. 5~3. 0/i«fcO(Al I Ga 1 . i) 0 .5 In o.5 

P<y)Tg&?7>y HS2 2, %)0. 5 — 2. O^tm HO 
(A l,Gai- ,) o,5 I n 0 . 5 Pcr)vS14®2O. 

mo. 5—3. O^m IfiO ( A l.Ga!. , ) 0 . B I n 

0.5 K« 1 8j&»4>**. 

[0043] X.y^-y^fff±jl2 4{i, Ga I nP. A 
lGaAscDi^ftlll- VSHb-^J^^ffif*^ 

3IiR$*U>. GaAsiS2 6k«Wt4^m 

^ffjtJ124<0Xvf-y^aLKIiGaAsa6IK2 6c7) 

x-y^-y^JKJ; 0»\ 

[ 0 0 4 4 ] HI -C'^-r^OHS&^K', 5 -y H 

m2 2<7)Oiy^y^mm.iittl. GaAs$I26<0X 
•yf-y^ajgiDMV^ 1^^,7^77^-12 

[ o o 4 5 1 m2iz^mmmm 1 4 & sois 
ids) iozmmt&. mw&mm i4hbcb 

[0 04 6] Oc7)BW(±LED<7)^JlXf^ 

10«t7r^^ GaP. GaAsP. Zn 

Se. ZnS, ZnSSe. |>5U(iS i COi^^ 

[0047] sdjski oammmmm 1 4 s 2 5 o*c 

T"W< JPffi&D^-T 4 £ i: fc: «fc »K P- 2 

-WW! 1 6 fcjgHJIMCl 0 t<nmm*®.^htzMz^ 

mwmmmi4wmwmfiii oizmmztizmiz^ mm 
mm oco$mizmmmmitimmzti&. s^k, « 
*a»*8:Brt»-$-4 xm^;ni6* ! ifi 

4 fztbtzffi 6 0 *c~ 100 °cc7)iajgr*!ui$ ft. 
4. a$20 o°c~60 oxzizfmtz. znte 
mwmrn 1 0 immmm 1 4 iz* otxt^^y 



•wWI 1 6 fcHBtcifcW*. 

[0048] <KfcrGaAs3HK26*«» 5H 3 P0 4 : 3 
H 2 0 2 : 3H 2 0. £>4V^il NH 4 OH : 3 5H 2 0 2 ?) 
J: a =SrW*ttx y f > 7mz± o-cx -y ^^^$ix4 . 
X-yf-y^ffitjl 2 4fr\ Gal nPM^IiAlGa 
Asc7)J:a^iSiRW^^T'#TU4i:#(i. <£«9x 

v*>rir±m2 4iffi-*mm£.£ m^ti^wx 
[0049] mz. mnr&2fflgx-*>yi-ymix& . 

ft-f . ±g&? 5 -y 1 8 hTU7 5 -y K« 2 2 1 tei* 
SP^ix. xt**a^/WH16£IKf}3-£4fc*>tc. H 

^-fX-yf-y^^V^i^x-y hX-y^-^^ti-jT. 
**77 6. 2-152. 4jum ( 3 — 6 mi 1 s ) OWCBfei 
Six*.. KfflS*lfcxtr**^.wWil 60T 

3B#25. 4~76. 2jum ( 1 ~3mils) COUT'^* 

mz, n- S*-AStt»3 02&*T»?5 
•y h*«2 2t7)±tC||2 *I*ltC»lftS*l.*. SS22n*Jtt* 

3 2^xe^^fy+yH 1 6<7)±CM§ti, f-**^ 

tf&&h\<^±T)v*-*-Mz£^ximznxnmj- 
mm 2 8tm2 eyfitortmiiixt . as 2 

3 4#n- ffl^--A««MI3 0^)±fc:»2*|flIt1BKS 
tt4. -t^tS*. H3t*f idt, m&JSIfr&Jf 3 

2 . *3 «fc v» 2 3 4 itmmm 1 0 L X 
m-wizfoz. 

[0050] *¥fflUz X h t . 2 0 m Atf)»fW8ifc*J 
V^T. *LED CO^*{i6 3 5nmT'S)4. *^BJ^7i£<5D 

*0AlGaInP LED«0^ai^2a<50^:#$ 

[0051] Z.COA 1 G a I n P L E D CD^feWU:* 
fWB^MKU'Sr^. *«i#fe3tLEDffl^A 1 Ga 
A sco J: o %Mcr>tfmzi>Mm*SmX'fo h„ SI2 <O^M 

■&«GaAsfflR5 1±(=»l*|ftlK:jgjR$^6. ZCO 
#«xb^4f^^/^-^{i. n- MA 1 GaAsTSB? 
7-yh*Ji5 2. A 1 G a A s vSUS 5 3 s tiil/p- M 
A 1 GaAs±^^7 ^^54*^^:4. TSB^^-y 
Hl5 2«Al^li»7 0%~8 0%tl> 1 ). ^^T 
SP?9-y K®5 2<OJ?$(i^0 . 5~3. 0 jum "CJb 
4, ±95^7 7 KJ15 4c7)Al^{ii^7 0%~8 0%-C 
ftOs ^10±gP77>y Hil5 4c7)ff§(i:$<j0 . 5~3. 
OAimT'J)!.. vS1±i!5 3^A1^7>(i**>3 5%T'S>0. 
ClOvSixJ15 3(7)iP${i^0. 5-2. OmoiT'S)!.. 
mz. 05 Cjjrf i 3 tc. p- MTT-ASMil 5 7**± 

*^9vH«5 4±tc*i*iftifc»jssn*. mz. m 
mmm.5 6 wmmm 5 5 1 io-c±aj^ 5 «y h« 
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5 At P-m*-M.mm 57 1 izmm-tz . 

[00 52]»:GaAslt5 1A ! , NH 4 OH:H 2 
0 2 =1. 7 : l^J:3^ItttX7fy/I(:J:-5t 

>i>zmm-h. mz^ n- mx-^m&msstn®? 

5 8_LKSi?2;fr|tiJ«£§fl&. LWot, SSl&S 
if^®5 9k*2£JSifcSit!-®6 lk(2. I5^fj;p 
tc . i»t! 5 6 ten t T HH»£<b & . 
[0053] WMZt. h t , 2 OnA0)IWW»fc:i3l* 
*fe3tAlGaAs LED<595ftfcRt2:6 5 OnmT 

^r-rStfld*OA l GaAs LEDcr>^tHt)Mt!<^2 

fe<n±**x-*>z>. 

[0 0 54]*» @HjaMlO^^TL. ifep- 
f&t- AjgfcfeJf 2 8 1 3feJSSS-&« 3 2 k jSfctS -It 6 

f<5i»ku. mi^s«s^3 2km2^js 
ts^Ji 3 At amwmm 1 0 cn t t h-mik* & . t 

0 0 u mi,zm< lt t>jM#izmmzti& z ti&w 

LtzWiX. *f&mm\i\ »LED^g«t5. 
[00 55] *gHHti. 3fefe*»*jfflfflS«Ji 1 4 Srtf-L 

mmx-h-oxh. msaasLi otzmmmmiAZfti, 

[0056] **^Sr. 58tt*klSfflW-Cffj8fc;**.£ 

z*/'<--?$>i>e>X'b&. 

[00 57] 



Kit. Batfcidfc, awaaiteiea 

^)«Wfc:J:*k. jtfUHHKfcfflv^ ^-A^M«fiS5rffl 
V**£fcfcJ:9, a^f&ttSA IGalnPi 
*^-fsJ— H (LED) tm&ZtlZ. 

[0058] msm 9 izimnstmz x h t . mmmm 
mt:iftLxmwmm$:ttfi*i'*>u&£iz$mzit. 

Sr^rt&A 1 Gal nP3&tyj X-F (LED) <?M 

[0059] m#js 1 8 \,ztm<r>%mz£ & t . 

3WS£#f-*A 1 GaAsM^*-^ (LED) ifi 

[0060] mmm 2 5 JCIEttOfWJfcJ: 4 k . SaflS 
tfWfc^LTiKB^fcxtf^s^l^tcSWS 
it. i)^*-l*fflmm*Mf8.-t&Ztlz£ 0. iSlfefe 
^tt&AlGaAsM^^-K (LED) CD 

[01 ] *WWCJ:ftA 1 Ga I nPM^t-H<0 
-3SMsW*>KrBB0. 
[l2]*HH|(:iSA 1 Ga I n PfBfc^ KcO 

[03] *^BJ^<t4A 1 Ga I nPM^*-K«0 

[04] *^BJ(Cj;-i.A lGaAsM^ *-K<3fl& 

[05] ^BJ^i&A 1 GaAs?Bfr?W *-K<0fl& 

[06 ] fliawtffc*^ HcoBnSBI. 

6-±»^5yKl. 7-«SaSIMI. 1 
*L 16-xe^Jf^;H < 18 

•••±g&?7v KS. 2 0-Stti. 2 2-TS?5 7 I* 
Jf. 2 4-X.yf-^^iJi. 26-GaAsit, 2 
8-p- M^-Agfftl!®. 30-n- Sbr-ASMS. 
3 3 2-»l 3 4-* 

2^JSM-^il. 5 1-GaAsMR. 5 2-TSP?5>/ 
HJi. 5 5 4-±»^5y K®. 5 5-3 

5 57-p- w*-j*m& 

m. 5 8-n- m*-^mm. 5 9-»ia«s^ 

1, 6 6 1-I2iiM^l. 
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[01] 



[H2] 



'/////MmM'/////, 



-28 
16 

18 

20 
22 

24 
26 




[03] 



14 
16 

18 

20 

22 
30 
34 




55 

54 

53 

52 
58 

61 
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[05] 
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53 
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51 
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CH6] 



7 

6 

5 
4 

3 



v> i?y -ivy 

— H i-y^-10 9X7 i-Mx-yh* 
H 1*1 



— H ^-yy\'-10 9X.7 af-ff'yh' 

xtr??^- *yA--- 'J5 7T7 
H 1*1 

F9— -M##) 5F041 AA03 AA41 AA47 CA03 CA04 
CA05 CA13 CA22 CA34 CA46 
CA77 CA93 
5F045 AB18 AF04 AF05 BB16 CA10 
DA53 DA54 DA55 DA63 DA64 
HA14 



